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(57) ABSTRACT 

The method is used for data transmission between a first 

(U1) and a second transmission device (U2) via a transmis 
sion link (K). Transmitted data blocks (Bx') are returned for 
checking purposes and, if appropriate, Sent repeatedly. Fast 
and error-free data transmission can thus be effected even 

when there is interference (X) on the transmission link (K). 
The method is particularly for transmission links (K) which 
cannot be shielded against interfering influences or can be 
shielded only to a limited extent by means of EMC mea 
SUCS. 

4 Claims, 3 Drawing Sheets 
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METHOD FOR THE CLOCKED SERIAL 
DATA TRANSMISSION OF DATA BLOCKS 

OF DENTICAL, BLOCK LENGTH 

This is a Continuation of International Application PCT/ 
DE97/01991, with an international filing date of Sep. 8, 
1997, the disclosure of which is incorporated into this 
application by reference. 

FIELD OF AND BACKGROUND OF THE 
INVENTION 

The invention relates to new and useful improvements in 
data transmission. More particularly, the invention relates to 
a method for the clocked Serial data transmission of data 
blocks of identical block length. 
A data transmission System ought to enable data to be 

transmitted as fast as possible and as free from errors as 
possible. The data are usually transmitted with a predeter 
mined transmission Speed, the "baud rate', at which data 
blocks of identical block length are transmitted bit by bit and 
Serially from a Sending device to a receiving device. 

In the context of digital data transmission, in particular, a 
data block usually has bit Sequences for a header, as well as 
useful data and a conclusion criterion. The header usually 
contains details concerning the block length, while the 
conclusion criterion has a bit Sequence which is defined in 
a transmission protocol. Since the data block has a defined 
length, control criteria are accommodated in particular in the 
bit Sequence which is reserved for the useful data of a data 
block. The control criteria are used in the receiving device 
in particular to check correct transmission. These criteria 
include, by way of example, a check bit, a So-called “parity 
bit”. If the length of the bit sequence reserved for the useful 
data of a data block is e.g. eight bits, thus forming a byte, 
then Specific bit combinations are reserved for Special dec 
larations and are not available for the actual transmission of 
the useful data. Consequently, the entire range of bit com 
binations from 0 to 255, or from 00 to FF, cannot be 
transmitted in a data block. 

Therefore, efforts are generally made to transmit data with 
long data blocks. The purpose is to attain a faster transmis 
Sion Speed than with data transmission using short data 
blocks. 

One disadvantage is that long data blocks have a corre 
spondingly higher probability of experiencing interference 
during transmission and of being transmitted with errors. 
The entire data block must then be resent. Furthermore, 
particularly when there is periodic interference on the trans 
mission link between the Sending and receiving devices, 
error-free transmission may prove to be impossible if the 
clock frequency of interference pulses is above the clock 
frequency for the transmission of a data block. A transmis 
Sion link Subjected to Such interference must then be pro 
Vided with interference Suppression by means of electro 
magnetic shielding measures. 

U.S. Pat. No. 5,142,538 discloses a transmission method 
in which a data block is transmitted by a Sender to a receiver 
and returned by the receiver to the sender. The data block 
Sent originally and the data block received again are com 
pared in the Sender, to check that the data have been 
transmitted correctly. If the received data block does not 
correspond to the Sent data block, then the data block is 
retransmitted. The transmission method is based on mono 
directional data transmission with a so-called SIMPLEX 
like mode in which the data are transmitted either from the 
Sender to the receiver or from the receiver to the Sender. 
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2 
Publication WO 91/16697 discloses a transmission pro 

tocol for a data transmission device between a Sender and a 
receiver. In this case, each data bit transmitted by the Sender 
to the receiver is transmitted back from the receiver to the 
Sender. If the data bits transmitted back do not correspond to 
the data bits Sent originally, a control character is commu 
nicated to the receiver. This alerts the receiver to the fact that 
the faulty data will be retransmitted. 

OBJECTS OF THE INVENTION 

It is therefore an object of the invention to provide a 
method for data transmission which is faster and leSS Sen 
Sitive to interference than conventional methods. 

SUMMARY OF THE INVENTION 

This and other objects are achieved by a method for 
clocked Serial data transmission of data blocks of identical 
block length between a first and a Second transmission 
device. According to one formulation of the invention, the 
method includes: 

a) sending a data block as a sent data block in a first block 
cycle from the first to the Second transmission device, 

b) receiving the data block as a received data block at the 
Second transmission device, and returning the received 
data block as a returned data block to the first trans 
mission device, 

c) receiving the returned data block at the first transmis 
Sion device, comparing the returned data block with the 
Sent data block, and generating a comparison result 
during a Second clock cycle, 

d) in a third clock cycle, 
d1) in case of a comparison result signaling 

correspondence, continuing the data transmission 
from the first to the second transmission device by 
Sending a further data block, or 

d2) in case of a comparison result signaling non 
correspondence, Suspending the data transmission 
from the first to the second transmission device for 
the third clock cycle, and 

e) in the Second transmission device, 
e1) in case of a detection of a single clock cycle with 
Suspended data transmission, overwriting the 
received data block received in the first clock cycle 
with a next Subsequent received data block following 
the Suspended data transmission, or 

e2) in case of a detection of two Successive clock cycles 
with Suspended data transmission, overwriting the 
received data block and a data block received imme 
diately following the received data block with the 
next Subsequent received data block following the 
Suspended data transmission and another data block 
received immediately following the next Subsequent 
received data block, respectively. 

An advantage of the method of the invention is that fast 
and Virtually error-free data transmission can take place 
even when there is interference on the transmission link. 
This is advantageous particularly in the case of transmission 
links which cannot be shielded against interfering influences 
or can be shielded only to a limited extent by means of EMC 
measures. Examples of Such poorly Shieldable transmission 
links are infrared transmission links or copper transmission 
links that cannot be Shielded. In optical transmissions, the 
interference may occur, by way of example, due to a 
fluorescent lamp being Switched on and/or flickering. In the 
context of Shipbuilding, by way of example, power current 
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carrying lines are frequently laid, unavoidably, in the vicin 
ity of Signal or control lines. The high currents in the power 
current lines may then interfere with the data transmission 
on the Signal or control lines. 
A further advantage of the method of the invention is that 

the useful data contained in data blocks need no longer have 
bit combinations with Special declarations for transmission 
error detection. This free configuration of the content of all 
the useful data bits contained in data blockS is advanta 
geously possible because Specific control information items 
which report or interrupt or Stop a data flow Subjected to 
interference need not be transmitted. 
A further advantage of the method of the invention is that 

intermission times are reduced to a minimum between two 
Successively transmitted data blockS. A data block received 
with errors can be corrected immediately. 

The data transmission for the method according to the 
invention can take place in a mode Similar to the So-called 
DUPLEX mode. Sending and receiving operations between 
a first and a Second transmission device can take place 
Simultaneously in both transmission directions. As a result, 
in the method of the invention, the return reception of data 
blocks for checking purposes is possible at the same time as 
the sending of data blocks. The preferably relatively short 
data blocks enable each individual data block to have an 
advantageously short transmission duration. The transmis 
Sion can thus take place with a high clock frequency. If a 
data block is Subjected to interference during transmission, 
then only this short data block need be transmitted again. 
Particularly fast correction can thus be effected. 
Consequently, the method according to the invention 
enables data transmission even when there is periodic inter 
ference on the transmission link between the Sending and 
receiving devices. 
A further advantage is that electronic components neces 

Sary for Sequence control for implementing the method of 
the invention can be realized in particular with an integrated 
circuit, for example an ASIC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention and further advantageous refinements of 
the invention are explained in more detail below with the aid 
of diagrammatic, exemplary embodiments in the drawing, in 
which: 

FIG. 1a shows, by way of example, transmission of data 
blocks from a first to a Second transmission device via 
a transmission link, 

FIG. 1b shows, by way of example, a Sequence of data 
blocks to be transmitted, 

FIG.2a shows a diagram showing a sequential pattern of 
events of a first example of data transmission according to 
the invention, which is effected simultaneously in both 
transmission directions and in the course of which a data 
block is Subjected to interference, 

FIG.2b shows a diagram showing a sequential pattern of 
events of a Second example of the data transmission accord 
ing to the invention, wherein two Successive data blocks are 
Subjected to interference, 

FIG.3 shows, by way of example, a flow chart illustrating 
the sequence of an embodiment of the method for the first 
transmission device, whereby the data transmission is not 
effected Simultaneously in both transmission directions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1a illustrates a transmission link K between a first 
transmission device U1 and a Second transmission device 
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U2. The first transmission device U1 has a first data pro 
cessing System D1 as well as a first Sending device S1 and 
a first receiving device E1. Analogously to the first trans 
mission device U1, the Second transmission device U2 has 
a Second data processing System D2 as well as a Second 
Sending device S2 and a Second receiving device E2. 

According to the invention, a data block BX to be 
transmitted is sent via the first Sending device S1 and is 
received, via the transmission link K, by the Second receiv 
ing device E2 of the second transmission device U2. The 
data block BX' received there is stored in the second data 
processing System D2, returned by means of the Second 
sending device S2 to the first transmission device U1 and 
received in the latter as data block Bx" by means of the first 
receiving device E1. The process of returning the received 
data block Bx', the so-called “reflection” or "echo', is 
illustrated by way of example by the arrow R in FIG.1a. The 
first data processing System D1 compares the returned data 
block Bx" with the data block BX originally sent by the data 
processing System D1, i.e., with the “original'. The first data 
processing System D1 of the first transmission device U1 can 
thus ascertain whether the data block BX has been transmit 
ted correctly. Data may by transmitted with errors in par 
ticular as a result of electromagnetic interference X on the 
transmission link K. If the result of the comparison between 
the sent data block BX and the data block BX" returned for 
checking purposes turns out to be a non-correspondence, 
then the data block BX should be retransmitted in accordance 
with the invention. 
A detail from a Sequence of data blockS BX-1, BX and 

BX-1 of a volume B of data to be transmitted is illustrated 
by way of example in FIG. 1b. Digital data blocks BX-1, Bx 
and Bx+1 are generally involved here. By way of example, 
the volume B of data is subdivided into relatively short data 
blocks BX-1, BX and Bx+1 of identical block length dt by 
means of the first data processing System D1 illustrated in 
FIG. 1a. If appropriate, the data blocks BX-1, BX and Bx+1 
prepared for transmission in this way may each have a 
header and a conclusion criterion. 

FIGS. 2a and 2b illustrate the diagrams showing Sequen 
tial patterns of events of a first and Second example of data 
transmission by the inventive method for the clocked serial 
transmission of data blocks A0, A1, A2, A3 and B0, B1, B2, 
B3, respectively. The data transmission in the examples of 
FIGS. 2a and 2b takes place in a mode in which sending 
and/or receiving operations can be effected Simultaneously 
in two directions. In the examples illustrated in FIGS.2a and 
2b, one data block A1 is transmitted with errors and two data 
blocks B1 and B2 are transmitted with errors, respectively. 
The diagrams showing Sequential patterns of events illus 
trated in FIGS.2a and 2b each represent only an extract from 
exemplary data transmission by the method of the invention. 
The ascending numbering of the data blocks A0 to A3 and 
B0 to B3 which are transmitted serially one after the other 
Serves, in particular, only to identify an extract of data blockS 
from data transmission which can be considerably longer. 
Data are transmitted, in particular, via a transmission link K, 
corresponding to that illustrated in FIG. 1a, between a first 
transmission device U1 and a Second transmission device 
U2. 
The abscissa of the diagrams showing Sequential patterns 

of events in FIGS. 2a and 2b is a time axis t. Clock cycles 
Z0 to Z8 are also shown. They are present between instants 
T0 to T9. By way of example, the clock cycle present 
between the instants T0 and T1 is designated by Z0. Sending 
and receiving operations of the data transmission Sequences 
illustrated by way of example are represented in the upper 
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and lower lines, respectively, of the diagrams showing 
sequential patterns of events in FIGS. 2a and 2b. These 
operations relate, with respect to the instants T0 to T9, to the 
first transmission device U1 illustrated in FIG. 1a. 

In the illustration in FIG. 2a, by way of example, at the 
instant T0 a data block A0 having the block length dt is sent 
in a clock cycle Z0 from the first transmission device U1 to 
the second transmission device U2. The data block received 
by the latter is, in particular, buffer-Stored and returned to the 
first transmission device U1. After a period dt1, a data block 
A0", comparable with an “echo” of the data block A0 and 
having the block length dt arrives back at the first transmis 
Sion device U1. The period dt1 corresponds, in particular, to 
the reaction time of the Second transmission device U2 plus 
the time delay due to the transmission link K. AS mentioned, 
the returned data block A0" is received in the first transmis 
sion device U1 and compared with the data block A0 
originally Sent by the first transmission device U1 during the 
period dit2. The period dt2 is allowed to last at most until the 
Subsequent clock cycle Z1 has expired. Within this period a 
comparison result is generated during the clock cycle Z1. If 
the comparison result signals correspondence, the data trans 
mission is continued at the instant T2 by a further data block 
A2 being Sent in the Succeeding clock cycle Z2. 

The method of the invention makes it possible, for 
example while the data block A0" is being received in the 
first transmission device U1, simultaneously for a further 
data block A1 to be sent to the Second transmission device 
U2 at the instant T1 in the clock cycle Z1. The “echo” of the 
data block A1, i.e., the data block A1", is thereupon received 
by the first transmission device U1 and compared with the 
data block A1. The comparison result with regard to corre 
spondence or non-correspondence is generated during a 
Second clock cycle Z2. In the example of FIG. 2a, the data 
block A1 has been transmitted with errors. On the basis of 
the comparison result which consequently signals non 
correspondence, the data transmission from the first trans 
mission device U1 to the second transmission device U2 is 
thus suspended for a third clock cycle Z3. The suspension of 
the Sending operation of the first transmission device U1 in 
the third clock cycle Z3 is represented by way of example by 
the arrow P1 in FIG. 2a. The first transmission device U1 
can, in the meantime, advantageously receive a data block 
returned by the second transmission device U2. This is 
illustrated by the data block A2" in FIG.2a. 

The Suspension of the Sending operation of the first 
transmission device U1 during the clock cycle Z3 alerts the 
Second transmission device U2 to the fact that the data block 
A1 has been transmitted with errors and that, consequently, 
this data block must be retransmitted. 

According to the method of the invention, when clock 
cycles with Suspended data transmission are detected, the 
Second transmission device U2 overwrites data blockS 
received in preceding clock cycles with data blockS received 
in Succeeding clock cycles. 

In the example of FIG. 2a, the Second transmission device 
U2 detects a single clock cycle Z3 with Suspended data 
transmission from the first transmission device U1 to the 
Second transmission device U2. Consequently, the data 
block A1 transmitted with errors in the penultimate clock 
cycle Z1 is overwritten by the data block A1 transmitted in 
the Subsequent clock cycle Z4 in the Second transmission 
device U2. In the example of FIG. 2a, the data block A1 
transmitted with errors in the clock cycle Z1 is retransmitted 
in the clock cycle Z4, after the Suspension represented by the 
arrow P1, and checked for error-free transmission by the 
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6 
method of the invention until the Subsequent clock cycle Z5 
has expired. Furthermore, in the same clock cycle Z5 the 
data transmission can Simultaneously be continued by a 
Subsequent data block A3 being Sent from the first trans 
mission device U1 to the second transmission device U2. 

FIG.2b illustrates a Second example of a diagram show 
ing a Sequential pattern of events of data transmission 
according to the invention. Two Successive data blockS B1 
and B2 are transmitted with errors in the example of FIG.2b. 
These data blocks are sent by the first transmission device 
U1 during the clock cycles Z1 and Z2. Such a sequence of 
two Successive data blockS transmitted with errors can take 
place particularly in the mode comparable with the 
DUPLEX mode. According to the method of the invention, 
the data transmission from the first transmission device U1 
to the Second transmission device U2 is Suspended, in a 
manner represented by the arrows P2 and P3, in the respec 
tively Succeeding clock cycles Z3 and Z4. 
The Suspension of the Sending operation of the first 

transmission device U1 during the clock cycles Z3 and Z4 
alerts the second transmission device U2 to the fact that the 
data blocks B1 and B2 have been transmitted with errors, 
and that, consequently, these data blockS must be retrans 
mitted. 

Therefore, if the Second transmission device U2 detects 
two Successive clock cycles Z3 and ZA with Suspended data 
transmission from the first transmission device U1 to the 
Second transmission device U2, then the data blocks B1 and 
B2 transmitted with errors in the two preceding clock cycles 
Z1 and Z2 are overwritten by data blocks B1 and B2 
transmitted in the two Succeeding clock cycles Z5 and Z6, 
preferably in the same order. In the Succeeding clock cycle 
Z7, the data transmission can be continued by a Subsequent 
data block B3 being sent from the first transmission device 
U1 to the second transmission device U2. 

Preferably, an abortion criterion (illustrated in the 
examples in FIGS. 2a and 2b) may be agreed between the 
first transmission device U1 and the Second transmission 
device U2. This criterion can take the form of two data 
blocks BE sent one after the other. Such data blocks BE can 
be used by the second transmission device U2 to identify the 
end of a data transmission and need not necessarily be 
returned to the first transmission device U1. 

Flow charts relating to the Sequence of the method in the 
mode comparable with the SIMPLEX mode are illustrated 
by way of example in FIG. 3. Whereas the left side of FIG. 
3 illustrates the Sequence of the method with regard to the 
first transmission device U1, the right side of FIG. 3 illus 
trates the corresponding Sequence with regard to the Second 
transmission device U2. 

In FIG. 3, a data block BX is sent from the first transmis 
Sion device U1 to the second transmission device U2 in a 
clock cycle Y1. This is represented by the block Q1, by way 
of example. Furthermore, as is represented by the blockS Q2 
and Q3, the data block Bx' received by the second trans 
mission device U2 is returned to the first transmission device 
U1. The returned data block Bx" is compared with the data 
block Bx in the first transmission device U1. A comparison 
result is generated during a Second clock cycle Y2. This is 
represented in the left side of FIG. 3, by way of example, by 
the rhombus Q4 with the decision branches Q41 and Q42. 
A comparison result which Signals correspondence is 

represented by the decision branch Q41 in FIG. 3. If this 
result is present, then the data transmission is continued in 
the Subsequent, third clock cycle Y3 by a further data block 
BX+1 being Sent. This is represented, by way of example, by 
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the block Q5 in FIG. 3 and by the decision branch Q72 of 
the rhombus Q7, as well as the block Q9, in the right side of 
FIG. 3. 

On the other hand, a comparison result which Signals 
non-correspondence is represented by the decision branch 
Q42 in FIG. 3. If this result is present, then the data 
transmission is Suspended for the Subsequent, third clock 
cycle Y3. This is represented by way of example by the 
block Q6 in the left side of FIG. 3. If the second transmission 
device U2 detects a clock cycle Y3 with Suspended data 
transmission, then the data block BX' received in the pen 
ultimate clock cycle Y1 is overwritten by the data block Bx' 
received in the Succeeding clock cycle. This is represented 
in the right side of FIG. 3, by way of example, by the 
decision branch O71 of the rhombus O7 and the blocks Q8 
and O2. 
An advantage of the inventive method for data transmis 

Sion is that fast and error-free data transmission can take 
place even when there is interference on the transmission 
link. This is advantageous particularly in the case of trans 
mission links which cannot be shielded against interfering 
influences or can be shielded only to a limited extent by 
means of EMC measures. The inventive return of the 
transmitted data blocks for checking purposes means that 
useful data contained in these data blocks need not have any 
bit combinations with Special declarations for transmission 
error detection. 

The above description of the preferred embodiments has 
been given by way of example. From the disclosure given, 
those skilled in the art will not only understand the present 
invention and its attendant advantages, but will also find 
apparent various changes and modifications to the Structures 
and methods disclosed. It is Sought, therefore, to cover all 
Such changes and modifications as fall within the Spirit and 
Scope of the invention, as defined by the appended claims, 
and equivalents thereof. 
What is claimed is: 
1. A method for clocked Serial data transmission of data 

blocks of identical block length between a first and a Second 
transmission device, comprising: 

a) sending a data block as a sent data block in a first block 
cycle from the first to the Second transmission device, 

b) receiving the data block as a received data block at the 
Second transmission device, and returning the received 
data block as a returned data block to the first trans 
mission device, 

c) receiving the returned data block at the first transmis 
Sion device, comparing the returned data block with the 
Sent data block, and generating a comparison result 
during a Second clock cycle, 

d) in a third clock cycle, 
d1) in case of a comparison result signaling 

correspondence, continuing the data transmission 
from the first to the second transmission device by 
Sending a further data block, or 

d2) in case of a comparison result signaling non 
correspondence, Suspending the data transmission 
from the first to the second transmission device for 
the third clock cycle, and 

e) in the Second transmission device, 
e1) in case of a detection of a single clock cycle with 
Suspended data transmission, overwriting the 
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received data block received in the first clock cycle 
with a next Subsequent received data block following 
the Suspended data transmission, or 

e2) in case of a detection of two Successive clock cycles 
with Suspended data transmission, overwriting the 
received data block and a data block received imme 
diately following the received data block with the 
next Subsequent received data block following the 
Suspended data transmission and another data block 
received immediately following the next Subsequent 
received data block, respectively. 

2. A method for clocked Serial data transmission of data 
blocks of identical block length between a first and a Second 
transmission device, comprising: 

a) sending a first data block as a first sent data block from 
the first to the Second transmission device; 

b) receiving the first sent data block as a first received data 
block at the Second transmission device; 

c) returning the first received data block as a first returned 
data block to the first transmission device; 

d) comparing the first returned data block with the first 
Sent data block, 

e) Suspending data transmission from the first to the 
Second transmission device for at least one clock cycle 
if Said comparing Step indicates non-correspondence 
between the first returned data block and the first sent 
data block; 

f) Subsequent to Said Suspending step, re-sending the first 
data block as a Second Sent data block from the first to 
the Second transmission device; 

g) receiving the Second sent data block as a second 
received data block at the Second transmission device; 
and 

h) overwriting the first received data block with the 
Second received data block. 

3. The method according to claim 2, further comprising: 
a1) sending a third data block from the first to the Second 

transmission device between said steps a) and f). 
4. The method according to claim 3, further comprising: 
b1) receiving the third data block as a third received data 

block at the Second transmission device; 
c1) returning the third received data block as a further 

returned data block to the first transmission device; 
d1) comparing the further returned data block with the 

third data block; 
e1) Suspending data transmission from the first to the 

Second transmission device for at least another clock 
cycle adjacent to the one clock cycle if said step d1) 
indicates non-correspondence between the further 
returned data block and the third data block; 

f1) Subsequent to said step e1), re-sending the third data 
block as a fourth sent data block from the first to the 
Second transmission device; 

g1) receiving the fourth sent data block as a fourth 
received data block at the Second transmission device; 
and 

h1) overwriting the third received data block with the 
fourth received data block. 


